The need for liquid and gaseous fuel for transportation application is growing very fast. This high consumption trend causes swift exhaustion of fossil fuel reserve as well as severe environment pollution. Biogas can be converted into various renewable automobile fuels such as bio-CNG, syngas, gasoline, and liquefied biogas. However, bio-CNG, a compressed biogas with high methane content, can be a promising candidate as vehicle fuel in replacement of conventional fuel to resolve this problem. This paper presents an overview of available liquid and gaseous fuel commonly used as transportation fuel in Bangladesh. The paper also illustrates the potential of bio-CNG conversion from biogas in Bangladesh. It is estimated that, in the fiscal year 2012-2013, the country had about 7.6775 billion m 3 biogas potential equivalent to 5.088 billion m 3 of bio-CNG. Bio-CNG is competitive to the conventional automobile fuels in terms of its properties, economy, and emission.
Introduction
Transportation system is the basement of the industrial and socioeconomic development of any country and predominantly depends on fossil fuel [1] . In the United States, about 28% of the total energy consumption is used for transportation system of which almost 86% comes from gasoline and diesel fuels [2] . Due to the rapid depletion and high cost of liquid fuel, natural gas is used in compressed form named compressed natural gas (CNG). Currently, it has become very popular alternative to liquid fuel for vehicles in the world due to its low price [3] . It is estimated that during 2013, approximately 18.09 million natural gas vehicles (NGV) have been run by CNG in the world. Nowadays some countries like the United States, Germany, Australia, Austria, India, and so forth already have been using bio-CNG as the vehicles fuel in place of CNG [4, 5] .
In the United States, 8 renewable natural gas projects, namely, bio-CNG 50, bio-CNG 100, and bio-CNG 200, have been installed during 2011 to 2013 [5, 6] . These plants produce approximately 200 gallons of diesel equivalents (DGEs)/day, 399.77 DGEs/day, and 790 DGEs/day, respectively, which can be enough fuel for 25-30 vehicles, 5-8 trash trucks, or 40-50 passenger vehicles and 25 heavy duty vehicles or 40-50 light duty vehicles per day. In India, first indigenous bio-CNG plant with capacity of 85 cubic meters has been made at Rajasthan with the help from IIT, Delhi. The plant uses cow dung as feed material and the production cost of 1 kg of bio-CNG is about USD 0.23-0.24 which is much cheaper than the petro-based CNG [7] . During the year 2013, in Austria about 7 GWh energy equivalent vehicle fuel (biomethane) was produced from biogas and three filling stations were established at biogas upgrading plants. On the other hand, Germany produced almost 0.1% of total consumption of vehicle fuel from biogas in year 2012 equivalent to approximately 0.35 TWh of energy. At the end of 2012, about 120 biomethane feed plants were in operation with an installed capacity of 72,000 Nm 3 /h in Germany that could be fueled for 0.1 million gas vehicles in 119 out of the 900 CNG filling stations [8] . Linköping, a city of Sweden is the promising 2 Journal of Renewable Energy model of bio-CNG integration into public transportation. The plant produces about 4.7 million m 3 of upgraded biogas per year that is used in 64 buses and a number of heavy and light duty vehicles through 12 public refueling stations. Besides, this is the pioneer in using biomethane in train. This plant reduces approximately 9,000 tons of CO2-emissions from urban transport as well as sulphur and nitrogen oxides per year [9] .
Bangladesh is an energy starved country where natural gas and petroleum products are the main sources of energy. However, the country has only 0.3 trillion cubic meters of proved natural gas reserve at the end of 2014 which will be exhausted within next 10-12 years if the existing consumption rate continues. In addition, the petroleum reserve in Bangladesh is only about 8% of the total demand; it has to import about 1.2 million tons of crude oil and 2.6 million tons of refined petroleum products each year [10] . The country consumed almost 23.6 billion cubic meters of natural gas and 5.7 million tons of oil in the year 2014 [11] . The transportation sector consumes approximately 46.46% of total petroleum consumption and 6% of total natural gas consumption. Up to October 2015, the country has about 560 CNG refueling stations and 180 CNG conversion workshops which have converted approximately 245,372 vehicles into CNG vehicles. Currently, the country has total of 285,755 CNG run vehicles including imported vehicles. However, taking into account the future security of liquid and gaseous vehicle fuel, it is necessary to find out alternative renewable source for transport fuel immediately. Bio-CNG produced from the purification and then compression of biogas can be the most suitable alternative for traditional vehicle fuel in Bangladesh. Bangladesh has enormous amount feed material for biogas production which can be the most effective option for bio-CNG. However, most of the biogas plants in the country are small-scale domestic digester producing biogas mainly for cooking and lighting. The main issues for commercial biogas implementation in Bangladesh are technological knowledge gap, uncertainty of feed materials, and financial insufficiency. Although the Government of Bangladesh is financing domestic biogas digester through some organization, it has no specific policy regarding the commercialization of bio-CNG production from biogas. The study assesses the scope and potentiality of bio-CNG production from biogas and its technology for automobile in Bangladesh.
Present Status of Transportation
Fuels in Bangladesh 2.1. Petroleum Products. Petroleum products are the most usable liquid fuels which are derived from crude oil processing in oil refineries. The majority of crude oil is converted into petroleum products, which include several classes of fuels [12] . Petroleum fuel mainly contains kerosene, diesel, and petrol and is considered as the major sources of commercial energy in Bangladesh. The transportation sector is the primary consumer of petroleum fuels which accounts for about 46.46% of total consumption 5,321,423 tons as illustrated in Figure 1 . which is almost two times the consumption of power sector [13] . On the other hand, among the petroleum products, high speed diesel accounts for almost 63.82% of total consumption of which nearly 52.25% is consumed by vehicle. In fiscal year 2014-2015, Eastern refinery limited has produced about 386,449 tons of high speed diesel and 245,341 tons of superior kerosene oil. In addition to this, in the year 2014-2015, the country has imported about 5,398,789.20 tons of petroleum oil including crude oil and lube base oil of total cost of BDT 27,023.27 crores.
Compressed Natural Gas (CNG).
Compressed natural gas is produced by compressing the natural gas under a pressure between 21-25 kPa. CNG is a better eco-friendly fuel compared to gasoline/diesel; hence, its use as an alternative option in replacement of gasoline or diesel to run automobiles has attracted much more attention over the world. The use of CNG in vehicles mitigates the emission of nitrous oxide, hydrocarbons, carbon monoxide, and carbon dioxide by 40%, 90%, 80%, and 25%, respectively, compared to petrol or diesel fuel [14] . The need for CNG as vehicle fuel is growing very fast because of its low price and higher octane number (130) compared to petrol (93) indicating the high thermal efficiency and low emissions. In Bangladesh, CNG as a vehicle fuel was introduced around 1985. The CNG run vehicles are consuming about 100.43 million cubic meters of gas per month. The demand of natural gas for CNG in next 5 years will be nearly 110-127 million cubic meters [15] . On the other hand, the share of natural gas in power generation is increasing hastily. Therefore, due to lack of natural gas production, poor gas transmission, and network distribution in Bangladesh, almost 39 districts have not previewed CNG opportunities yet. Hence, to reduce the rapid depletion of natural gas, it is necessary to give emphasis for production of CNG from alternative sources.
Liquefied Petroleum Gas (LPG)
. Liquefied petroleum gas (LPG) is a blend of propane (C 3 H 8 ) and butane (C 4 H 8 ) which is produced during the processing of natural gas and is sold in cylinder. It becomes liquid at atmospheric temperature when compressed to a pressure between 80 and 110 psi and returns into gases when the pressure is reduced adequately. The colorless and odorless LPG is easy to transport and store in liquid state and used as fuel in domestic cooking and commercial uses in the regions of insufficient pipeline. In addition to these, LPG is suitable for medium and small vehicles. Therefore, in Bangladesh, the annual demand for LPG is increasing hastily. However, the supply of LPG was only about 121 thousand tons against a demand of 500 thousand tons in year 2012 [16] . The sources of LPG in Bangladesh are presented in Table 1 . Hence, the country has to import LPG to reduce the gap between demand and supply. The government has already taken initiatives to install import-based LPG storage and bottling plant in Mongla, Bagerhat, and in Chittagong [17] . In fiscal year 2014-2015, Eastern refinery limited has produced about 11,070 tons of LPG against the total consumption of 17,424 tons.
Liquefied Natural Gas (LNG)
. Liquefied natural gas (LNG) is produced from natural gas by condensing it artificially below a temperature of −162 ∘ C and is stored in very high pressure storage tank. LNG is mainly applicable as vehicle fuel for heavy duty transports. The storage and transportation system of LNG includes floating storage and regasification unit, subsea and overland gas pipelines to transport the gas from floating terminal to the consumers. To make LNG operation economically viable, Bangladesh has to dedicate at least 0.17 Trillion cubic meters gas with an investment cost of USD 6 billion. However, considering the present gas reserve in the country, it is necessary to give emphasis on alternative option immediately. Therefore, Bangladesh has already signed an agreement with Qatar for importing about 14.16 MMCM gas in the form of LNG to meet the country's increasing demand for LNG. However, the matter of concern is that whether the country can afford the costly LNG. Bangladesh has very limited transportation facilities as LNG storage and transportation require high draught. Hence, the country has set a plan to install LNG vessel at approximately 5-6 km offshore of Moheshkhali coast because of availability of required draught. The initial plan is to supply about 4 million tons of LNG annually. Global LNG production is expected to be 450 million tons in 2020 [18] .
Biodiesel.
Biodiesel is nonpetroleum oil generally produced from vegetable oil, animal fats, waste cooking oil, and so forth and used as renewable source in replacement of diesel because of its nontoxicity and environmental sustainability compared to diesel [19] [20] [21] . Transesterification is the chemical process to produce biodiesel by using base catalyst, acid catalyst, enzyme catalyst, and heterogeneously catalyst. Bangladesh has promising potential of edible (mustered, cottonseed, ground nut, sesame, rapeseed, sunflower, coconut, and soybean oil) oil and nonedible (jatropha curcas, karanja, castor, neem, and algae) oil crops for biodiesel feed stocks [22] . However, nonedible vegetable oil is the most suitable for biodiesel production in Bangladesh due to the food scarcity and lack of available land for oil crops production. On the contrary, the country has many unused marginal, road, and rail side land areas which can be used for commercial biodiesel plants. Therefore, it is possible to produce about 0.52 million tons of karanja biodiesel per year utilizing this unused land which reduce country's total diesel import approximately by 21.67% [23] . On the other hand, almost 1.19 million tons of Jatropha curcas, 0.15 million tons of castor, and 1.04 million tons of pithraj can be produced annually by considering the 50% use of the available land in Bangladesh [24] . However, there is no biodiesel generation plant in Bangladesh yet.
Biogas to Automobile Fuels

Bio-CNG.
Bio-CNG, a methane rich compressed fuel, is also known as compressed biomethane. Bio-CNG is produced from pure biogas containing more than 97% methane at a pressure of 20-25 MPa. It is very similar to the regular CNG in terms of its fuel properties, economy, engine performance, and emissions. Like regular CNG, bio-CNG has high octane number which results in the high thermal efficiency. The performance of a constant speed internal combustion engine using CNG and bio-CNG was compared and it was noted that their engine performances were almost similar in terms of brake power output, specific gas consumption, and thermal efficiency [25] . A typical bio-CNG station comprises a biogas purification unit, a multistage compressor, and a high pressure storage system [26] . Because of the shorter driving range of bio-CNG compared to diesel fuel, the consumers have to install additional fuel cylinders to extend their driving range [27] . Bio-CNG can be injected into the CNG grid and blended with CNG. However, if the current CNG grid is inadequate, bio-CNG can be transported by trucks or in cylinder from the locations of production to the filling stations. From the literature, bio-CNG delivers greater environmental benefits than other traditional vehicle fuels as well as biodiesel and bioethanol [28] [29] [30] . Considering both technical and financial performance production of bio-CNG for vehicle fuel is at least feasible as it is produced from renewable wastes [31] . Therefore, the huge potentiality of different wastes in Bangladesh can make bio-CNG production a viable option.
Liquefied Biogas (LBG).
Biomethane from biogas can be liquefied to a fuel called liquefied biomethane (LBM) or LBG which has the similar characteristics to LNG. The conversion of LBM from biomethane requires a combination of high pressures and low temperatures and is a rather energy intensive process. LBM has the energy content of about 70% that of gasoline and can be used as a vehicle fuel in replacement of conventional vehicle fuel. Commonly [32] . Ignoring the energy input for liquefaction, it has been estimated that 1,000 cubic feet of gas yield about 10 gallons of LBM. On the other hand, assuming 10% losses, a plant producing about 70,000 cubic feet of biogas per day can generate approximately 500 gallons of LBG per day [33] . There is not much practical experience with this option because of its high capital and operating cost of liquefaction equipment though it has a much higher energy density in comparison to bio-CNG. Bangladesh needs to import the technology from Germany/ Sweden for production of LBG from biogas available in the country.
Syngas.
Syngas is a mixture of fuel gases which mainly contains hydrogen, carbon monoxide, and a small amount of carbon dioxide. Carbon containing fuels are the major sources of syngas generally produced by gasification process. Syngas can be produced from pure biogas through any of the three reforming process, for example, dry reforming, steam reforming, and partial oxidative reforming or any combination of these processes [34] . Steam reforming can produce high purity hydrogen as clean vehicle fuel commercially [35] . Dry reforming and steam reforming are endothermic process, while partial oxidative reforming is an exothermic process. In addition to this, syngas can be converted into methanol and dimethyl ether and further upgraded into transport fuel like diesel, jet fuel, gasoline, and so forth through Fischer-Tropsch synthesis method [26] . The calorific value of the syngas varies depending on the use of agent for gasification process. However, the use of oxygen or steam can increase the calorific value of syngas.
Biomethanol/Biogasoline.
Gasoline is produced by upgrading methanol through methanol-to-gasoline (MTG) process. In recent years, the attention has been increased for biomethanol production from biogas through partial oxidation of methane, photocatalytic conversion, biological conversion, and biogas reforming to syngas and hence to methanol via FTS method [36] . Partial oxidation of methane is most attractive and commonly used technology for biomethanol. It has been estimated that biomethanol can mitigate greenhouse gas emissions by 25-40% compared to methanol produced from fossil fuels. In the year 2012, global biomethanol production was about 0.2 million tons and expected to be more than 1 million tons in the next few years [8] . Biomethanol is converted into aromatic hydrocarbon known as biogasoline by two steps of exothermic MTG process [37] . Biogasoline has almost twice the energy content of that of biomethanol and has higher vapor pressure compared to biomethanol. Biogasoline or blending of biogasoline and biomethanol can be directly used as transport fuel in vehicle.
Prospective Analysis of Bio-CNG in Bangladesh
Potential of Biogas in Bangladesh.
Biogas is a nonfossil, colorless, combustible gas containing about 40-70% methane. Biogas is produced by anaerobic digestion with anaerobic bacteria or fermentation of biodegradable materials such as manure, municipal waste and sewage, green waste, plant material, and crops [38, 39] . The biogas has combustion properties like natural gas as it burns at about 800 ∘ C with an ignition temperature of 650-750 ∘ C compared to 1000 ∘ C for natural gas [4, 17] . To cope with the present world, Bangladesh is going very fast by using biogas technology to produce biogas. Bangladesh has huge potential of biodegradable biomass resources including agricultural residues, animal manure, municipal solid waste, and human excreta to produce biogas. In the year 2012-2013, the country had almost 23.241 million cattle, 25.212 million goat, 246.60 million chicken, and 46.635 million duck [40] . These large numbers of livestock can produce huge amount of biomass residues. Additionally, field residues and process residues from agriculture are another promising candidate for biomass generation. It has been estimated that one ton of cattle excreta, sheep and goat excreta, poultry excreta, human excreta, crop residue, and organic fraction of MSW can generate almost 33 Figure 2 . However, if 50% of the total biomass is considered for biogas generation, then it is possible to generate almost 3.83875 billion m 3 of biogas which is equivalent to 2.20 billion diesel fuel. In Bangladesh, most of the biogas plants constructed are fixed dome type biogas plant based on cow dung and poultry litter of capacity between 1.6 and 4.8 m 3 as depicted in Table 3 . Up to October 2014, almost 79,612 domestic biogas plants have been constructed by technical and financial assistance of various government and nongovernment organizations [45] . However, the country has a potential of 4 million small-scale biogas digesters. In Bangladesh, first commercial biogas plant was constructed by Paragon Poultry Ltd. in Mymensingh and Gazipur in 2010 which are producing 38.23 cubic feet and 76.46 cubic feet of biogas, respectively [46] . In addition to these, IDCOL has financed 8 biogas based power plants using poultry litters for gas production. Recently, Bangladesh has about 215,000 poultry farms and 15,000 cattle farms which may be an excellent source for biogas.
Biogas to Bio-CNG Conversion
Technology/Process. Biogas produced from anaerobic digestion of biodegradable biomass contains significant amount of impurities like water, N 2 , O 2 , H 2 S, NH 3 , and CO 2 and so forth. Therefore, biogas has to be purified prior to the conversion into bio-CNG. Generally, pressurized water scrubbing, pressure swing adsorption, chemical absorption, membrane permeation, temperature swing adsorption, cryogenic approach, physical absorption, and biological filtration methods are used to purify the biogas before conversion [48] . However, pressurized water scrubbing is the most commonly used method as it offers several advantages and higher percentages of CH 4 purity compared to the other purifying methods [49] . Table 4 presents the process description of some common biogas cleaning methods. In context of Bangladesh, water scrubbing and membrane separation technology are the most feasible technology for biogas upgradation based on the technical availability and maintenance costs.
Cleaned biogas containing more than 97% CH 4 and less than 2% O 2 is considered for production of bio-CNG. Generally, two approaches named physical (compression and liquefaction) and chemical approach (catalytic reforming and Fischer-Tropsch synthesis) are applied for this conversion. Pure biogas then undergoes a high compression pressure between 20 and 25 MPa (Figure 3 ) and converts into bio-CNG which occupies less than 1% of its normal volume. It is required to store bio-CNG as it affects vehicle filling time, filling completeness, and energy consumption [53] . Typically, two storage systems such as buffer storage and cascade storage are used in filling station. The buffer storage system maintains 6 Journal of Renewable Energy Step 1: Absorption, P = 700-800 kPa
Step 2: Depressurization, P = ∼100 kPa
Step 3: Desorption, Figure 4 : Schematic diagram of total bio-CNG process and vehicle fueling method [55] .
the pressure of CNG in the range of 20-25 MPa and provides CNG with a maximum pressure of 20 MPa to a vehicle's onboard cylinders. In this case, all filling station reservoirs are connected and maintained at the same pressure [27] . On the contrary, the cascade storage system contains three reservoirs of low, medium, and high pressure and provides CNG in three steps to vehicle's on-board cylinders. In this case, the vehicle's cylinders are connected to the low pressure reservoir firstly and then to the medium pressure reservoir when the pressure is increased into the cylinder and finally to the high pressure reservoir for completing the filling process. In comparison with the cascade reservoir, the buffer reservoir offers fast filling and charges 80% more gas [54] .
Bio-CNG Vehicle Technology.
Bio-CNG technology consists of the refueling station and vehicle technology. Bio-CNG refueling station is much more complicated than the conventional diesel/petrol refueling station as all the components of bio-CNG vehicles and the refueling station are required to be maintained at a high pressure. On the other hand, slow filling refueling station is simpler than the fast filling refueling station which normally provides fuel overnight. Both the petrol (spark ignition) engine and diesel (compression ignition) engine driven vehicle can be converted to bio-CNG driven vehicle by the modification of some features through retrofitting. It offers the advantage of switching the option of using bio-CNG or conventional fuel. Figure 4 illustrates the process pathways of bio-CNG production and vehicle fueling in refueling station. In this case, a new fuel tank with a regulator, fuel lines, and new secondary injector are required to convert conventional fuel vehicle to bio-CNG vehicle. The regulator reduces tank pressure from 3,600 psi to 125 psi and the secondary injector injects the bio-CNG into the cylinder through fuel lines for combustion to produce energy.
Possibility of Bio-CNG in Bangladesh.
Recently, in Bangladesh the consumption of CNG as transportation fuel and the number of CNG based vehicles are growing very fast because of its low cost and environmental sustainability. Figure 5 shows the cumulative growth of CNG vehicles including the number of converted CNG vehicles and the number of exported CNG vehicles. However, this high rate of consumption causes the threat for future reserve and forces us to harness the renewable and environmental friendly options for automobile fuel. It is obvious that some countries such as Germany, Austria, and the United States have proved that bio-CNG can take the place of fossil fuels as transportation fuel. However, in Bangladesh there are not so many industrial plants for biogas purification and bio-CNG production. Only, Effat BioCNG Limited has developed a technology based on water scrubbing for purifying the biogas by removing carbon dioxide and hydrogen sulphide and for producing bio-CNG with less than 2% methane loss.
In the fiscal year 2012-2013, total biogas (7.6775 billion m 3 ) available in the country could produce about 3.4549 billion kg (1 m 3 biogas = 0.45 kg bio-CNG) bio-CNG which is equivalent to 5.088 billion m 3 ( bio-CNG = 0.679 kg/m 3 ) of bio-CNG. Figure 6 shows the amount of bio-CNG produced from different biomass wastes. It is estimated that 1 liter of octane is equivalent to 0.81 m 3 of bio-CNG, 1 liter of petrol is equivalent to 0.80 m 3 of bio-CNG, and 1 liter of diesel is equivalent to 0.97 m 3 of bio-CNG. Accordingly, total bio-CNG potential in Bangladesh is equivalent to 5.25 billion liters of diesel, 6.36 billion liters of petrol, and 6.28 billion liters of octane. Therefore, Bangladesh shows the huge potentiality of bio-CNG production for alternative vehicle fuel. Sufficient feed material is the prerequisite for the continuous production of bio-CNG. It is difficult to collect feed materials from villages because of its high transportation cost. On the other hand, the six municipalities in Bangladesh produce about 7690 tons [60] of waste per day which can be available to generate fuel for vehicle running in the municipality. It has been estimated that the organic municipal solid waste available only in Dhaka can produce almost 41,830 m 3 per day of biogas equivalent to 27,721.4 m 3 of bio-CNG. Furthermore, the rate of migration of people to municipality is increasing very fast which can increase the quantity of organic waste as well. In addition, the inclusion of human manure for biogas production can be also a secure feed material in long run of bio-CNG plant in the municipality.
Competitive Analysis of Bio-CNG as Transportation Fuel
The feasibility of biogas conversion into bio-CNG as transportation fuel primarily depends on some key factors such as economic, technical, environmental, and safety. Fuel properties of bio-CNG are nearly the same as regular CNG and also competitive compared to the other automobile fuels such as diesel and petrol. The percentage of methane (>97%) in bio-CNG is higher than that of natural gas (93%) produced from different gas fields in Bangladesh. Besides this, the calorific value of bio-CNG is about 52 MJ/kg which is higher than the calorific value of petrol (48 MJ/kg) and diesel (44.8 MJ/kg) as revealed in [13, 15, 61, 62] . Considering the equivalent ratio of bio-CNG to other transportation fuels, the use of 1 liter of bio-CNG as automobile fuel in replacement of 1 liter of petrol and 1 liter of diesel can save about BDT 84.62 and BDT 54.20, respectively. Additionally, bio-CNG contains negligible amount of impurities including less than 4% CO 2 and 8 ppm H 2 S with no other impurities which are much lower than diesel and petrol fuel and responsible for up to 90% emission reduction compared to the conventional transportation fuel. Germany, Netherland, and Sweden are the most biomethane producing countries in the world. Sweden can be a role model for Bangladesh as the country is using 97% of bio-CNG for vehicle fuel, while Germany is using 1.4% of total bio-CNG successfully. Therefore, it is clearly depicted that bio-CNG is a rising candidate for automobile fuel. Although bio-CNG has several advantages over the conventional vehicle fuel, it has number of disadvantages. Because of decentralized feed material availability, the production cost of bio-CNG can be very high nowadays. Additionally, the lack of awareness about the suitability of bio-CNG over the other fuels hinders the support from the government as well as the other investors.
Issues and Challenges of Bio-CNG Technology in Bangladesh
It is well evident that the use of bio-CNG as automobile fuel provides significant benefits in economic, emissions, and engine performance perspective. However, the successful implementation of this technology in developing country like Bangladesh is a great challenge. Requirement of sufficient amount of feed materials, upgradation of equipment and the cost, lack of technically sound man power, and refueling infrastructure are considered the significant barriers to the deployment of bio-CNG as vehicle fuel. Typically, a bio-CNG plant requires a biogas unit, purification unit, compression unit, and storage unit with other accessories maintained at high pressure. Lack of technology standardization is the main stumbling block for production of cost efficient renewable bio-CNG. Although Bangladesh has huge potential of biogas generation resources, there is insufficiency of industrial scale biogas plants with high level of automation to produce bio-CNG because of its high investment cost and lack of standard technology. In addition to this, almost 75% of total municipal waste in Bangladesh are unused and go for landfilling because of lack of proper technical knowledge and sufficient human resources to produce useful energy like bio-CNG. Besides this, in Bangladesh there are no specific guidelines and rules for renewable energy use. Additionally, there is no inclusion of legal, regulatory, and policy framework for bio-CNG conversion from waste in country's national energy policy.
Concluding Remarks
In Bangladesh, the energy shortage is the main hindrance for the development in every sector. Due to high price and crisis of crude oil, petroleum products and natural gas resources, the concept of using methane as a feed stock to produce transportation fuels has greatly increased. This paper has assessed that Bangladesh has about 7.6775 billion m 3 of biogas potential that can produce 5.088 billion m 3 of bio-CNG. If bio-CNG is used as automobile fuel in replacement of regular CNG or diesel fuel, it can save almost 5.088 billion m 3 of regular CNG or 5.25 billion liters of diesel fuel. Although the country has available raw materials for bio-CNG production, it requires special attention to utilize these resources properly. Therefore, the government should come forward with some concrete bio-CNG implementation strategies considering its necessity. Firstly, it is mandatory to prepare policy and regulatory framework for the production and utilization of bio-CNG instead of traditional vehicle fuel. Additionally, it is necessary to take initiatives for the development of bio-CNG distribution network right now and to motivate the nongovernment organizations for construction of bio-CNG plants.
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